The frequencies of occurrence of anomalous traits or tubercles on the lower second deciduous molar were investigated with the use of moire contourgraphy. A molar with negligible attrition was fixed in the tricuspal position where the position of the protoconid, metaconid and hypoconid were in a horizontal plane. A moire photograph in the pitch of 0.2 mm was thus obtained and examined. The frequency of occurrence of a tubercle was counted in three grades according to its contour patterns. The traits and their sex-pooled frequencies were as follows (n=45): (1) Mesial Accessory Tubercle, 17.8%; (2) Metaconid Mesial Accessory Tubercle, 8.9%; (3) Metaconid Distal Accessory Tubercle, 57.8%; (4) Distal Trigonid Crest, 17.8%; (5) Deflecting Wrinkle, 46.7%; (6) Sixth Cusp, 35.5%; (7) Entoconid Mesial Accessory Ridge, 0%; (8) Protostylid, 73.3%. The incidences of the traits were compared with those in the permanent first molars previously studied. The traits nos. 2, 3, 4 and 8 were significantly more frequent in the deciduous molars than in the permanent ones when tested by *2 test. On the other hand, the frequencies of trait nos. 1, 5, 6 and 7 were not significantly different between both molars. Three of four traits showing significant difference located around the metaconid, which indicated the high morphological variability of the metaconid in the deciduous lower second molar.
in different human populations. We carried out the investigation on the frequency of occurrence of accessory tubercles in the upper permanent molar among major populations of the world with the use of moire contourgraphy (KANA-ZAWA et al., 1990) , and found that there were considerable population differences on some traits. The deciduous molars are generally thought to retain primitive morphological traits which are closer to phylogenetically original characters than those of the permanent molars (HANIHARA, 1956a, b; KANAZAWA et al., n.d.) . However, the studies of the frequencies of these tubercles in the deciduous molars have not been fully done yet. The purpose of this study is to investigate their frequencies detected by moire method and to compare them with those of the permanent molars.
Morphological and functional significance of each trait in both the deciduous and permanent dentition is also discussed.
Materials and Method
Materials used were dental casts of deciduous lower' second molars of Japanese children, 19 males and 26 females. Some of them were attrition-free, but the rest exhibited minute wear under microscopic observation. The tooth of right side was used in each individual except when this tooth was lost or severely damaged.
Each dental stone cast of a molar was set in the position of the standard tricuspal plane (KANAZAWA et al., 1985; SEKIKAWA et al., 1988) with the cusp tips of the protoconid, metaconid and entoconid parallel to the horizontal grating of the moire grid and perpendicular to the axis of the lens. The camera used was a Nikon F-2 with a Micro-Nikkor 105 mm lens and PN-11 close-up ring. The grating had a pitch of 0.2 mm. The distance between the center of the lens and the light was adjusted to 260.4 mm. The contour interval in this condition was theoretically 0.200 mm between the first and the second moire fringes. The film used was Kodak TMAX developed at ISO 1600. Photography was accomplished in a dark room with f/32 at 0.5 second of exposure. Figure 1-A The traits examined were as follows.
(1) Mesial Accessory Tubercle (MAT): This is rarely seen in the permanent molar. The mesial marginal ridge is more developed in the deciduous second molar than in the permanent molar, and it sometimes elevates to form a tubercle showing a closed contour band in the moire photograph.
(2) Metaconid Mesial Accessory Tubercle (MMAT): A small tubercle may occur just mesial to the cusp tip of the metaconid. It appears to be separation of the mesial accessory ridge of this cusp from the central ridge. The existence of a tubercle was determined with the use of the moire fringes, which were composed of regularly spaced black and white contour band. As for the traits nos. 1, 2, 3, 6 and 7, a tubercle was defined when it had more than one closed band on the top of them. The height of a tubercle was expressed in three grades (0.5, 1.0 and over 1.5) according to contour patterns as shown in Fig. 2 . The deflecting wrinkle was defined by the following three conditions; 1) Contact of hypoconid and metaconid. 2) Full development of distal accessory groove of metaconid. 3) Distal projection of the metaconid central ridge posterior to the lingual groove. The scores were given according to the grade of this distal projection, under 0.5 mm, over 0.5 mm, and over 1.0 mm. The grade of distal trigonid crest was expressed by its real height from the central fossa, 0.5 mm or 1.0 mm. The protostylid was defined as distortion or waving pattern of the contour lines on the buccal surface of the protoconid. When it exists, 0.5 was given, but no individual has the point over 1.0. The scores of 8 traits observed in Fig. 1 are, for example, PRD 0.5, DW 1.0, MDAT 0.5, C6 2.5, MAT 0.5, MMAT 0.5, and EMAR 0.
The differences of the frequencies of tubercles between deciduous and permanent molars were tested by *2 analysis using two way table (SOKAL and ROHLF, 1981) .
Results Table 1 shows the frequencies of occurrence of the traits expressed in three grades both in males and in females. The protostylid was the most frequent trait among eight characters in both sexes. The secondly frequent trait was the MDAT which sometimes appeared like the seventh cusp, but no typical seventh cusp was observed in the deciduous molar. The most frequent grades of the MDAT were 1.0 in the male and 1.5 in the female, which were highest in each grade among eight traits. This indicates that the MDAT is comparatively a large structure when it is present. Only this tubercle out of eight traits showed significant sex difference of the frequency pattern in three grades (5% level). The frequencies of the deflecting wrinkle and the C6 came in the next place. Table 2 shows the percentage frequencies of the traits both in the deciduous 2nd molar and in the permanent first molar when sexes were pooled. There were significant differences of the frequency at 5% level between deciduous and permanent dentition in four traits, MMAT, MDAT, DTC and PRD. These are mainly the Fig. 2 
Discussion
The morphological traits characteristically observed on the occlusal surface of the deciduous lower second molar are quite different from those in the permanent first molar. The protostylid is the best example which showed the largest difference of frequency between both teeth. It is generally accepted that the deciduous molars have more primitive characters than the permanent molars. Morphologies of the dentino-enamel junction (DEJ) might be reflected more clearly in the deciduous teeth, because enamel substance is thinner in the deciduous teeth than in the permanent teeth (FINN, 1973) . It is also reported that a small tubercle on the DEJ appears to lose its identity as appositional growth of enamel occurred (CHRISTENSEN, 1967) . The primitive characters in the deciduous molar are not always derived from the reason above, but from the nature of the deciduous molar itself as shown by the frequencies of tubercles in this study. Among four characters showing the significant difference of the frequency between deciduous and permanent molars, the protostylid had the highest frequency in the deciduous second molar (73.3%). The frequency, 15.8010, in Japanese permanent dentition detected by moire method was similar to the report of SUZUKI and SAKAI (1973) by the traditional method with the use of DAHLBERG's standard plaque. However, the frequency in the deciduous second molar, 73.3%, by our method is considerably higher than that reported by HANIHARA (1956a). The reason for it may lie in our different method which detects delicate distortion of the contour lines.
The term for the seventh cusp varies such as the median lingual accessory cusp (ROBINSON, 1953) and tuberculum accessorium mediale internum (SELENKA,1898). Generally accepted view at the moment is that it is a secondary character without any phylogenetic significance (SUZUKI and SAKAI, 1973) , although it may derive from metconid or entoconid. REMANE (1960) divided this cusp into two types: one derived from metaconid was named tuberculum intermedius anterius and the other derived from entoconid was named tuberculum intermedius posterius. Because no typical seventh cusp was found in the deciduous second molar, we investigated the frequencies of these two traits after REMANE's definition. Anatomical terms for them were, however, changed into the MDAT and the EMAR, respectively, to represent their locations better than REMANE'S term.
The MDAT is also a tubercle characterizing the deciduous molar. HANIHARA (1956a) thought that the origin of the seventh cusp in the permanent molar strongly related to this tubercle. SUZUKI and SAKAI (1973) observed the seventh cusp on the permanent dentition and also suggested that the morphological features of the seventh cusp showed its affinity to the metconid rather than to the entoconid. These views might be supported by the result of this study that the mesial accessory ridge of the entoconid (EMAR) is far less than the MDAT. The groove between the entoconid central ridge and the EMAR is sometimes clear and deep like a fissure. However, the groove never extends to the lingual surface, which does not allow the EMAR to be separated from the entoconid. No counted scores of the EMAR in our method depend on this reason. On the other hand, high frequency of the MDAT in this study indicates that this tubercle is quite frequently separated from the metconid. This observation indicates that the phylogenetical origin of the 7th cusp might be traced to the MDAT.
HANIHARA (1956a) showed that the frequency of this trait in deciduous second molar is significantly higher in Japanese males than in females. There was no such difference in the present study which showed even higher frequency of the grade 1.5 in the female. Chi square test of the pooled frequency of three grades of the MDAT did not show significant difference between sexes, but that of the separated frequency in three grades showed that the frequency was significantly higher in females than in males at 5% level. This contradictory results may be due to different method of observation, to different sample size and to standards for grades. Sex difference is not usually found in the frequency of the nonmetrical trait of the tooth when two grades, present and absent, were compared. However, SCOTT (1973) showed that only the canine accessory ridge showed significant sex dimorphism out of 20 nonmetric crown traits when counts of grades were considered. Our case of the MDAT above is similar to this condition where seven trait-positive samples in grade 1.0 in the male and ten samples in grade 1.5 in the female resulted in the significant difference. However, difficulty of the identification between grades often occurs, because these two grades are actually continuous. The central ridge of the metaconid, more developed in the deciduous molar than in the permanent one, participates in the formation of the distal trigonid crest. It was said that the DTC had never been observed in the recent humans, but was found in some fossil hominids and anthropoid apes. However, recent nonmetrical studies report a low percentage of the occurrence of this trait in modern humans (TURNER, 1985; MANABE et al., 1991; HANIHARA, 1991) . HANIHARA (1956a) reported that 58% of the deciduous second molar have well developed metaconid central ridge. Since our method was different from his criteria of scoring, the percentage was lower than his results. However, the difference of the incidence of this trait in the deciduous and permanent molars suggests a phylogenetically primitive condition of the deciduous second molar.
It seems to be difficult to relate the occurrence of the metaconid mesial accessory tubercle (MMAT) with a phylogenetical trait appearing in fossil mammals. Although the paraconid might be homologous to it, the MMAT is so close to the cusp tip of the metaconid. It may not be denied that the MMAT is an anomalous isolation of the accessory ridge of the metaconid.
There are two morphological factors for the formation of the deflecting wrinkle: one is the distal elongation of the central ridge and the other is the development of the distal accessory groove of the metaconid which accentuates the curve of the wrinkle. This groove named by ZOUBOV (1977) as 2med also plays an important role for the formation of the MDAT mentioned above. SUWKI and SAKAI (1973) reported the sex difference of the incidence of the wrinkle in the permanent first molar. However, the difference was not found in this study, also in our previous study and in other nonmetrical studies of the permanent molar (SCOTT, 1973 (SCOTT, , 1977 TURNER, 1985) . MATSUMURA (1990) recently reported that 42.2% of modem Japanese permanent first molars have this trait, which is significantly higher than Jomon and Ainu which belong to Sundadont. This indicates that this character is a key trait to distinguish Sinodont and Sundadont of Mongoloid dentition as pointed out by TURNER (1990) .
HANIHARA (1976) investigated frequencies of nonmetric crown characters in deciduous dentition among seven different populations. Four characters chosen from the lower second deciduous molar in his study were the sixth cusp, seventh cusp, deflecting wrinkle and the protostylid. Frequencies of these characters among seven populations were fairly comparable to those of the permanent first molar with a small discrepancy. He concluded that the deciduous dentition preserves generalized characters to a larger extent than the permanent dentition, and the latter provides more informations in regard to specificity of each population than the former.
The discrepancy between his and our results is as follows (HANIHARA'S frequencies in Japanese subjects in parentheses): C6, 35.5% (36.9%); C7 (MDAT), 57.8% (73.7%); DW, 46.7% (71.6%); PRD, 73.3% (44.7%). The frequencies of C7, DW and PRD out of four traits in the deciduous molar is much higher than in the permanent one in HANIHARA'S investigation. Our results, on the other hand, showed that the M. SEKIKAWA, M. NATORI, Y. KAMIAKITO and T. OZAKI DW did not show significant differences between them. However, the results we obtained and HANIHARA's observation consistently indicates that the two traits, C7 (MDAT) and PRD at least are the most specific characters for the deciduous second molar. The DW in HANIHARA's study and the DTC and MAT in ours may join to these characters.
The sixth cusp did not show significant difference of the frequency between the deciduous and permanent dentition in both studies.
However, it is interesting that KITAGAWA et al. (1988) showed particularly high incidence of this trait in the deciduous second molar of Jomon people.
Nonmetric data are difficult to be comparable among researchers because interobserver difference of the frequency may exist due to different standards of observation. Our method is not a traditional one, but semiquantitative. If a moire photograph is taken in a same method, the contour pattern is comparable through time and place. The aim of the three-dimensional measurement of the teeth is not only for obtaining data of real shape of a tooth in space, but also for accumulation of objective and quantitative data which are possible to be compared with each other.
